Iron(III)-peroxide Adduct, 8-Hydroxydeoxyguanosine, Oxygenation, Nucleosides
Oxidative damage rate to DNA occurs as part of normal metabolism. In each rat cell the steadystate level is estimated to be about 106 oxidative adducts and 105 new adducts are formed daily (A m es and Gold, 1991). Apparently this endoge nous DNA damage is a major contributor to aging and the degenerative diseases of aging, such as cancer (Kuchino et al., 1987; Shibutani et al., 1991) . Four endogenous processes leading to significant DNA damage are likely to be oxidation, methylation, deamination, and depurination (Am es and Gold, 1991; Saul and Ames, 1986) . Measurements of DNA adducts by new methods shows that DNA damage produced by oxidation could be the most significant endogenous damage.
The most important and a more easily assayed product of oxidative D NA damage is 8-hydroxydeoxyguanosine (hereafter abbreviated as 8-OHdG, see figure below) (A ruom a et al., 1989; Floyd et al., 1988) and it has been suggested that the 8-OH-dG is formed in vivo by O H -radicals (Floyd et al., 1988) .
Very recently we have reported that remarkable formation of 8-OH -dG is observed in the solution containing F e(III) complex with (tfda) and hy drogen peroxide, (Nishida and Ito, 1995a ) but its of the (fi-oxo)duron(III) core with i]'-to the hydroxylation reaction of nucleoformation is negligible in the solutions of iron(III) complex with (pac) and (eda), where (tfda), (pac) and (eda) are the tetradentate chelates as il lustrated in Fig. 1 . Seemingly the OH' radical is not an active species for formation of 8-OH-dG in the solution of the Fe(III)-(tfd a) and hydrogen peroxide. In this study, we will show details on the structural and spectral features of these iron(III) chelates, and their reactivity towards nucleosides in the presence of hydrogen peroxide.
Experim ental Section

Materials
The chelates used in this study were prepared according to published methods (B erchet, 1966).
Evaluation o f formation o f 8-O H -dG by H P L C method
To an aqueous solution of iron(III) chelate (50 ml, 1/50 m ) containing 2'-deoxyguanosine (20 mg) was added hydrogen peroxide solution (10 ml, 1/10 m ), and the formation of 8-OH -dG was detected in terms of H PLC according to method by (Kasai and Nishimura (1984) and quantified by a standard sample. In our experi ments, the (H 20 2)/(F e 3+) ratio was one. 2'-Deoxyguanosine, 8-OH -dG , and other nucleo sides and nucleic acids were purchased from Wako Chemicals.
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Structural properties o f iro n (lll) com pounds
In Fig. 2 , O R T E P drawing of the complex anion F e20 ( p a c ) 2( C 0 3)2_ is shown; the complex has a crystallographic twofold axis passing through 0 3 , C l 6 and 0 5 atoms. The dimensions of the (u-carbonato)(^-oxo)diiron(III) core and the distorted octahedral geometries around the F e(III) atom in the complex are very similar to those of the corre sponding (nta) complex, Fe20 ( n t a ) 2( C 0 3)4~ (Fujita et al., 1994) . Two aliphatic amine nitrogen atoms are located at the trans-position of the [ioxo group. As seen in Table I 
Form ation o f 8 -O H -d G catalyzed by b in u clear iro n (III)/h y d ro g en p ero x id e system
In Figs 3, 4, and 6, the results of H PL C are il lustrated. As shown in Fig. 3 , the iron(III) complex with (pac) shows negligible ability to give 8-OHdG in the presence of 2'-deoxyguanosine and hy drogen peroxide; appearance of the peak at ca. 5.8 min is due to formation of 8-OH -dG under our experimental conditions. The new peak observed at ca. 1 2 -1 3 min is attributed to the formation of pyridine-2-aldehyde, which was verified by the use of the authentic sample, and this may be derived from the oxidative degradation of the ligand sys tem by a peroxide adduct shown below; facile re placement of the carbonato ion in the original compound by peroxide ion has been confirmed in several cases (Nishida and Ito, 1995b). 
The Fe(III) compounds with (moda) and (hida) also gave no 8-OH-dG under the same experimen tal conditions (data not shown). In contrast to this, iron(III) with (tfda
Scheme 2.
In the case of the (eda)-complex, the formation of 8-OH-dG is much low compared to that of the (tfda)-complex (see Fig. 6 ). But in this case, an other different compounds formed in the reaction course. As seen in Fig. 6 , the increase of the peak intensities at 3.6 and 4.6 min. is noteworthy. The peak at 4.6 should be attributed to the formation of guanosine, which was confirmed by the authen tic sample. The molecular weight of compound at 3.5 min. was shown to be m/z = 284 (positive ion), indicating the one oxygen atom is incorporated into sugar moiety of 2'-deoxyguanosine(4'-or 1'-position) , similar to the formation of guanosine at 4.6 min. These are suggesting that Fe(III)-(ed a) compound promotes the incorporation of oxygen atom into sugar moiety of the deoxyguanosine in the presence of hydrogen peroxide.
Active species fo r formation o f 8-O H -dG
Until now, it has been proposed that formation of 8-O H -dG in the biological systems occurs via O H -radicals (Floyd et al., 1988) . This mechanism, however cannot be applied to the present case, be cause it is well known that O H -attacks adenine, cytosine and also 2'-deoxyguanosine, to give oxi dized products (Hiraoka et al., 1990; Vieira and Steenken, 1990 ). This is highly inconsistent with our present results, i.e., Fe(III)-(tfd a)/H 20 2 system attacks guanine moiety only, and not attack on ad enine or other nucleic acids as described before.
By the addition of hydrogen peroxide to the bi nuclear |i-oxo-(i-carbonato-diiron(III) complex so lutions, there may be a formation of the peroxide adducts, as shown below. Formation of Adduct I has been confirmed for the Fe(III)-(n ta) solution Ito, 1995b, 1995c) .
It is quite apparent that a different peroxide ad duct formation from Adduct I should occur in the Retention time/min Fig. 6 . HPLC of the solution of Fe(III)-(eda), 2'-deoxyguanosine and H20 2. A: 2 minutes after addition of H20 2 to Fe(III)-(eda) and 2'-deoxyguanosine; B: 30 minutes after addition of H20 2; C: 60 minutes after addition of H20 2; D: 150 minutes after addition of H20 2.
